Background: In a Phase 3 study, amyotrophic lateral sclerosis (ALS) patients experienced significantly less physical functional decline with 24-week edaravone vs placebo, followed by open-label treatment for an additional 24 weeks. Methods: Outcome (the change in ALS Functional Rating Scale-Revised, ALSFRS-R, from baseline) was projected for placebo patients through 48 weeks and compared with 48-week edaravone or 24-week edaravone after switching from placebo. Results: A total of 123 patients received open-label treatment (65 edaravoneedaravone; 58 placebo-edaravone). The projected ALSFRS-R decline for placebo from baseline through week 48 was greater than for 48-week edaravone (P < .0001). For patients switching from placebo to edaravone, ALSFRS-R slope approached that of continued edaravone for 48 weeks. ALSFRS-R decline did not differ between actual and projected edaravone through week 48.
improving quality of life, and maintaining the patient's independence for as long as possible. In the absence of a cure for ALS, additional treatment options that have demonstrated long-term benefits would be desirable. 8 Edaravone is thought to function as a free-radical scavenger that is hypothesized to protect motor neurons from free-radical and oxidative-stress damage. 9 ALS patients taking edaravone had a significantly smaller decline in scores of the ALS Functional Rating Scale-Revised (ALSFRS-R), as compared with placebo patients, in a phase 3, randomized, double-blind study (Study 19; . 10 In the open-label 24-week extension period, which aimed to explore the longer-term efficacy and safety of edaravone, patients receiving edaravone had maintained benefit throughout the 48 weeks, with no new or cumulative safety concerns. 11 Secondary end points, including ALS assessment questionnaire (ALSAQ-40), forced vital capacity (FVC), and Modified Norris Scale score, were significantly in favor of edaravone compared with placebo.
Given the proven efficacy and commercial availability of edaravone, practical and ethical issues limit the feasibility of conducting a prospective, randomized, placebo-controlled assessment of the efficacy of edaravone over 48 weeks. Furthermore, previous longer-term efficacy data were limited to patients who remained on edaravone for 48 weeks or 24 weeks after switching from placebo, ie, comparison with placebo during the additional 24 weeks was not possible. Therefore, to better understand the long-term efficacy of edaravone therapy in ALS patients, a post-hoc analysis from the open-label study was conducted, comparing the effect of edaravone for 48 weeks with that of placebo for 24 weeks followed by edaravone for 24 weeks, or for projected placebo from baseline through week 48.
| METHODS

| Study 19 (MCI186-19) study design
Study 19 was a randomized, double-blind, parallel-group, placebocontrolled study. The details of study methodology, ethical study conduct, patient selection (inclusion and exclusion criteria), end points, and prospective statistical analyses have been previously described in detail (clinicaltrials.org: NCT01492686). 10, 11 Briefly, patients were randomized to either edaravone (60 mg) or placebo for 24 weeks followed by a 24-week open-label extension period. The primary efficacy end point was the change in ALSFRS-R score from baseline to the end of week 24.
| Post-hoc assessment
Multiple linear regression analysis was performed to project the results from the placebo-controlled, double-blind phase from baseline through week 48 for all treatment groups. Progression rate in the treatment group originally randomized to edaravone was estimated for the first 24 weeks and was used to predict progression for the next 24 weeks; this was compared with actual change in ALSFRS-R in patients who initially received edaravone for 24 weeks and continued on open-label edaravone from weeks 24 to 48 (edaravone-edaravone group). For the group originally randomized to placebo, rate of progression for the first 24 weeks was used to predict progression for the following 24 weeks; this was compared with the actual progression in this group, who were switched to edaravone from weeks 24 to 48 (placebo-edaravone group). Thus, at the 48-week time point, projected placebo progression rate could be compared with the actual progression in the placebo-edaravone group as well as the edaravoneedaravone group, and the projected progression in the edaravoneedaravone group compared with actual progression. 
| Post-hoc analysis statistics
| Patient disposition and baseline characteristics
A total of 137 patients were initially randomized to receive either edaravone (n = 69) or placebo (n = 68) in the double-blind phase. The demographics and baseline characteristics were well balanced between treatment groups at baseline, except for male gender and Japan ALS Severity Classification. 10, 11 Briefly, the mean age was approximately 60 years, and the mean duration of disease at study enrollment was 1 year. The mean (SD) ALSFRS-R score for patients in the edaravone and placebo groups, respectively, was 41.9 (2.4) and patients completed the open-label treatment period. 11 Six patients died in the study; all were considered "not reasonably possible" with regard to a relationship to study drug. 11 
| Post-hoc analysis
The projected change in ALSFRS-R score from baseline through week 48 was significantly greater for placebo than edaravone (Figure 1 ). This was also evident when measuring the rate of decline in ALSFRS-R score through week 48 (slope of the graphs), which was significantly greater for the projected placebo than for the projected edaravone group (Figure 2) . The projected placebo group also showed significantly greater change (decline) in ALSFRS-R score from baseline through week 48 than the actual edaravone-edaravone treatment group (patients originally randomized to edaravone and participating in the open-label period) ( Figure 1 ). The corresponding rates of decline in ALSFRS-R are shown in Figure 2 . The rate of decline in ALSFRS-R score for placebo-edaravone (originally randomized to placebo and received open-label, 24-week edaravone) was significantly less than that of projected placebo while appearing similar to that of edaravone patients ( Figure 2 ). Comparing the actual edaravone-edaravone group with the projected edaravone estimate, there was no difference in either the change in ALSFRS-R scores from baseline through week 48 (Figure 1) or the rate of ALSFRS-R decline (Figure 2 ).
| DISCUSSION
In this post-hoc analysis, the change in ALSFRS-R score was shown to remain significantly lower for the edaravone treatment group than for the placebo group for up to week 48, regardless of whether a comparison was made between projected estimates (a 34% difference) or between actual edaravone-edaravone and projected placebo (a 38% difference). With a significant difference between actual edaravone and placebo already observed at week 24 (−5.0 vs −7.5, least-mean square difference = 2.5, P = .0013; a 33% difference), 10 these results suggested that the benefits of edaravone over placebo were maintained throughout the 48 weeks of treatment. Additionally, functional decline appeared to be lower for placebo patients who switched to edaravone at week 24 than for those who would have remained on placebo through week 48 (−10.9 vs −13.0). 11 Notably, only approximately 15% of placebo week 48 was predicted by extrapolating the results of week 4 to week 24. While this appeared to be a reasonable assumption, there is some evidence suggesting that functional decline may not be linear, with the early and late phases showing differing rates of decline. [13] [14] [15] Further exploration of the clinical development program data, including other end points, is needed to better address this topic. 
| CONCLUSION
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